Black pepper is the one of most important export products in Vietnam. As the largest exporter, Vietnam's pepper commodities account for 58% of total worldwide exporters. However, Vietnam's pepper production is dealing with disease problems, especially foot rot/quick death infected by Phytophthora capsici. The disease results in serious and rapid spread and infection in Vietnam, with yearly reduction of about 2% of total pepper area. Disease management is recently challenging scientists and producers. Investigating characteristics of Phytophthora capsici and causes, therefore, play a significant role in treatment. This paper has indicated three main causes, which contribute to serious infection and outbreak of Phytophthora capsici; they are biological characteristics, climatic condition and cultivation. To control this disease, early detection and prevention are the best ways to manage disease. Finding new varieties, which are Phytophthora capsici tolerance or resistance, is significant in black pepper production worldwide.
Introduction
Black pepper is one of the most important export products in Vietnam, contributing to socioeconomic development. It recently is quickly expanded in both area and yield. According to report of Vietnam Pepper Association-VPA, 2014 [37] the estimation of pepper growing area is about 73,500 ha, in which 53,000 ha are productive. The average pepper yield is about 2.5 tons•ha −1 . Pepper products were exported 156,396 tons, accounting for 58% total worldwide export, brought $1.2 billion to Vietnam in 2013. Pepper area increases an average 2800 ha•year −1 between 2011 and 2014, and it will continue rising in the future.
In order to get great achievements, pepper producers had applied advanced technologies and cultivations on farms. For instance, increase in organic materials, decrease in chemical fertilizers, use of live supports and drainage systems are applied [37] . However, Vietnam's pepper production is facing extreme problem, relatived to threat of diseases. Statistics of VPA [37] indicated from 2012 to 2014, pepper area was decreased about 2% year −1 (1200 ha) resulted from aging and diseases. In Gia Lai province specifically, pepper yield was dropped up to 30% in 2014 compared with 2013 [7] . The main and most serious disease on Vietnam's pepper areas is foot rot/quick death/phytophthora rot, which is caused by Phytophthora capsici [33] .
Phytophthora capsici (P. capsici) is one of the most important vegetable pathogens worldwide, which was introduced by [6] . It is an oomycete soil-borne plant pathogen that causes root, fruit and foliar disease on a variety of vegetables. Plants that are infected by this pathogen will die within 2 -3 weeks in rain and adjacent plants will be infected within one or two months [13] . Quick death of Piper nigrum can be presented that phytophthora spores develop into the roots and stems, especially collar causing foot rot (Figure 1) . Rotting of collar destroys phloem and xylem, preventing transfer of water and nutrient from the roots to aerial parts of plant [21] . Therefore, plant died intermediately with symptoms of sudden leaf wilting and dropping. Importantly, the first symptoms of disease are very hard and often undetected by farmers and technicians. They detected disease when the upper part of pepper vine shows a performance as leaf yellowing, wilting and dropping [33] . Once these symptoms are observed, the infection is already at its severe stage with most of the root rotted and the underground stem showing a brownish-black lesion.
P. capsici causes significant decline in pepper yields in all pepper producing countries and it is very hard to control. For example, foot rot in Indonesia resulted in degradation of pepper production from 5% -0%, yield decline is up to 30% -40% in some gardens and others can devastate 100% [15] . Malaysia, a similar, more than 95% of pepper farms were infected P. capsici, causing 5% -10% of productivity decrease [11] . And in India, foot root causes up to 30% yield loss [2] .
In Vietnam, the first disease recording was in the half of 20 th century, in Ba Ria-Vung Tau province with devastating 390 ha of Piper nigrum [33] . Several gardens have over 80% in death rate in North Central Coast [28] , in some cases 100% pepper vines died off [33] . In the Western Highlands, similarly, average 50% of pepper farms were infected by P. capsici. The infection level depends on investigated locations, ranging from 24.6 to 83.3% [12] . Management of P. capsici on Piper nigrum is enormously complex and a big challenge. Meanwhile, study on this pathogen in Vietnam was limited, which leads to lack of knowledge and information [28] . Therefore, this review aims to investigate the causes including biological characteristic of pathogen, climate and cultivations that contribute to serious infection and quick outbreak of P. capsici in Vietnam's black pepper production. 
Key Elements Affecting Outbreak of Disease

Biological Characteristics of P. capsici
Morphological Details
The understanding in biology of P. capsici is still shortcoming, leading to unsuccessful treatment. According to many scientists, two mating types of pathogen are A1 and A2 [8] [22] [32] . They also were detected in four provinces In Vietnam, co-existing in the same farm, even though in the same poles [29] . Moreover, the number of isolates of P. capsici is still undetected, because individual studies and different locations have found different number of P. capsici isolates. For instance, In Vietnam, reference [29] investigated genetically 118 isolate of P. capsici from Piper nigrum, whereas, 113 isolates were isolated in India [2] . In contrast, reference [18] investigated 255 isolates from 21 countries of six continents; most of them have genetic structure was n = 10.
Reproduction
In addition, the reproduction process of pathogen causes challenges to scientists and producers. P. capsiciproduces several types, both sexual and asexual means. Meanwhile, mycelia produced three asexual spores including sporangia, zoospore and chlamydospore. Zoospores are the major propagules of infection [17] . Each oospore that produces a male and female gametangium, so called antheridium and oogonium respectively [8] , serve as the overwintering inoculum of pathogen (Figure 2) . Moreover, under good condition of free moisture on plant surface or saturated soil, sporangia release motile and biflagellate zoospores. Each sporangium produces 20 to 40 motile zoosposes under free water conditions [14] . Additionally, sporangia and zoospores are secondary inocula and they can be reproduced repeatedly during the growing season, causing rapid escalation of disease [5] .
Life Cycle
Life cycle of pathogen is a one of elements contribute to maintaining and developing pathogen. Temperature (20˚C -28˚C) and moisture (>80%) are optimal for both chlamydospores and oospores live over 6 years in soil; 2 -3 rainy seasons in dead plant materials [16] . More importantly, inoculum can survive in the soil up to 19 months without host plants [11] . 
Outbreak
In terms of the spread of P. capsici, there are many ways to transport zoospores. The main source of inoculum is in contaminated soil (0 -30 cm); Chlamydospores and thickened mycelium are the main survival structure of P. capsici in soil [3] . Oospores can directly geminate and damage plants. Sporangia, in contrast, are easily to dislodge from sporangiophore and disseminate within fields by wind, rain, wounds and irrigation water [22] [32] . These are causal agents that through saturated conditions, they can move and infect both of roots and aerial parts of plant.
The production of large numbers of asexual and the movement of spores through water and soil are the keys for successful propagation and dissemination of P. capsici. It can be explained that zoospores have two differently morphological flagella, thus they can swim in the soil and surface water from plants toward plants, even though towards other pepper gardens over long distance [23] [36] . This was investigated by [4] , inoculum moved over 70 m from point sources of inoculum with furrow irrigation. Besides that, within a bush, the foliar infection outbreaks via rain splashes from lower portions to upper portions, while the adjacent plants, spreads through both rain splashes and windblown water droplets [19] . Several studies reported spores transported by insects, snails and feral pigs [1] ; live plants, organic matter, soils and irrigation water [25] . Therefore, it is often impractical to screen live plants, organic matter, and soil and irrigation water for Phythopthora species.
Susceptible Hosts
Other challenge in disease management is the diversity of susceptible hosts. Scientists found that the pathogen not only hosts on solanaceous and cucurbitaceous species (watermelon, squash, pumpkin, tomato, cucumber), but also perennial tropical crops namely black pepper, macadamia, vanilla and cacao [5] [32] . Therefore, disease always present and remain on farms, so it will be outbreak when getting optimal conditions. P. capsici, additionally, has relationships with microorganisms, as an insurmountable constraint in P. capsici management. It is coexisting with several pathogens on infected plants; they accelerate quickly death. In Mexico, P. capsici found from roots of wilted plants along with many microorganisms such as Verticilliumdahliae Kleb [24] . In Vietnam, P. capsici not only collaborate with three P. species namely P. capsici, P. nicotianae and P. cinnamomi, but also has strong relationship with parasitic nematodes such as Meloidogyne incognita, Radopholus similis [30] [32] [33] .
Climatic Conditions
Vietnam's growing pepper areas has optimal climatic conditions for P. capsici development. The growth and reproduction are occurring in soil moisture conditions and warm temperature. Combination factors including daily rainfall range of 15.8 -23.0 mm, temperature of 22.7˚C -29.6˚C, sunshine 2.8 -3.5 h/day and humidity of 81% -90% are favorite conditions for outbreak and dissemination of aerial infection [20] .
Similarly, Vietnam, average temperature at pepper areas ranges from 21˚C to 24˚C, and average of annual rainfall is over 2000 mm, average of air moisture is over 80%. Rainy season starts from April to onward until October (Figure 3) . In this period, the average rainfall is expected 90% in total yearly rainfall. Thus, the soils are high moisture capacity, leading to enhancement of spread and dissemination of soil-borne fungi, especially P. capsici. This is investigated by references [31] [32], the highest level of disease is in during the rainy season from May to November.
Inappropriate for Cultivated Methods
There are many technologies that were applied by pepper farmers, could be inappropriate in Vietnam. They acerbate infection and spread of disease.
Firstly, black pepper live originally under forest and live supports such as Cassia siamea, Wrightiaannamensis, Leucaenaleucocephala, Adenantherapavonina, Glyricidiasepium and Gmelinaarborea. These supportsplay important roles in yield, disease management, also improving quality. However, because of popular and available death supports and rapid growth of pepper areas, pepper growers tend to replace of live supports with dead standards (Figure 4) . In Western Highlands, the investigation's [9] showed, more than 95% of black pepper areas applied dead wood support.
Likewise, The Western Highlands Agriculture & Forestry Science Institute-WASI [35] has documented that using dead support in this area was about 82%. Many scientists have emphasized that disease index and percentage of dead plant from foot rot were lower in the pepper fields with live support than use of dead wood standard, concrete and brick tower [15] [33] [35] .
In cultivation, deep planting means that plant cuttings 30 -50 cm under topsoil layer and basin making with dimensions of 1.2 × 1.2 × 0.2 m were technical advances, being applied for both coffee and pepper by grower. Reference [15] has highlighted that majority of pepper farm, 91% of farmes in Gialai provinces have applied these techniques ( Figure 5) . However, they could be inappropriate. It can be explained, in rainy seasons, vines with basin making become waterlogged. Waterlogged condition is negative effect on growth of root systems, but is optimal condition for growth and outbreak of spore of P. capsici. Reference [2] found that temporary anaerobic conditions that cause increased root exudation and low oxygen, stimulate germination and growth of pathogen propagules. In fact, percentage of disease and disease index in farms with basin making were 16.5% and 60.3% respectively higher than in the normal farms [15] . Furthermore, the investigation of [15] indicated that, most of black pepper farms did not have drainage system; only less than 50% pepper farm had good drainge system in total of growing pepper areas in Vietnam [31] . This is a important cause, resulting in infection and spread of P. capsici in rainy season. Reference [34] has demonstrated that the spread of wilting disease happens more frequent in the region with flat lands and pepper orchards without drainage systems. Additionally, in dry seasons, pepper is watered following 10 -15 days intervals [32] , leading to soil moisture increase, as a result, increase in survial of pathogen.
The next cause leading to promoting P. capsici infection is without soil treatment. Studies stated that most of growing pepper areas in Vietnam is formed by replacement of vegatative and coffee areas [15] [32] [35] . Because of high values of black pepper, farmers grow directly pepper after removing previous crops without soil treatment such as rotation, soil-drying for several seasons. This leads to remaining population of soil borne pathogen. Population is not decreased under ecomonic thereshod level, therefore, pathogen has chance to survive and inject. This also proved by [33] , if the soils in pits is dried by sunlight for two months or three seasonal rotations to nonsusceptible host of P. capsici, disease indicence declined up to 22.8%. reference [8] emphasized that rotation to nonsusceptible host plays an important role in both reducing the build up P. capsici population and increasing avaibility of noninfected lands.
Lastly, as many worldwide black pepper producers, lack of P. capsici tolerant cultivars is large barrier in disease management. Reference [31] emphasized, Lada Belantoeng, An Do, Vinh Linh and Loc Ninh are popular cultivars in Vietnam, but there were not Phythopthora tolerant cultivars. Consequently, the most of cultivars are highly likely to be infected P. capsici. This is a serious problem, contributing to fast spread of P. capsici, because the main propagation of black pepper is cutting. Cuttings are disease-free and taken from free disease gardens, plays vital role in pepper production. However, technicians and farmers are very difficult to detect free disease cuttings. Therefore, growers tend to use their own cuttings or cuttings from neighbor's farms for planting materials without disease detection [32] .
Conslusion
The paper has highlighted evidence to support the significant demage of P. capsici in Vietnam's pepper production. Disease is still being the big challenge for both producers and scientists related to long term survival of oospores in the soil, an increasing list of susceptible hosts, spread of pathogen via water, fungicide-resistant pathogen and lack of commercially acceptable resistant cultivars. Therefore, eradication of P. capsici on infected farms is impossible. Therefore, we must accept the disease presence on farms. Importantly, early detection and prevention are the best ways to manage disease. To do this, producers should not only provide optimal conditions to pepper growth, but also prevent increase in pathogen population. The combination of cultural, biological and chemical methods is necessary. Using live supports for vines, making drainage system, phytosanitation; planting legume and grass cover on pepper farms and rotation of unsusceptible hosts are suggested due to coping with the damage of P. capsici and protecting environment. Trichoderma as antagonistic microorganisms is also supported to manage outbreak of Phythopththora. Further study on management of P. capsici in black pepper should be continued. Finding new varieties, which are P. capsici tolerance or resistance, is significantly important in black pepper production worldwide.
